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Long-lived Particles (LLPs)

e \We know of the existence of LLPs.

e Evidence of their existence can be seen in the standard model.
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Long-lived Particles (LLPs)

e \We know of the existence of LLPs.
e Evidence of their existence can be seen Iin the standard model.

e | HC searches predominately explore prompt objects.
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https://arxiv.org/pdf/1810.12602.pdf

LLPs as a window to new hysms
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LLP Searches @CMS

* |ncreased interest during Run |

----- neutral Hoep displaced B BSM
o ~45 |LLP searches = Charged | dilepton M lepton
e 3Ny charge B quark
. : photon
e Common difficulties B anything
o Lack of triggers disappearing displaced
track lepton
o Signal MC generation ) CTTTPr
o Low level information needed
for LLP reconstruction
* Rich landscape of detector N
S | g " at Ures. 5 isg iljae(t:e 3 :.' \\\00000‘ di ;Eﬁg re]d
e CMS is working in parallel on v
Run 2 and Run 3 results. | o |
displaced B / displaced Not pictured:
vertex COnversion out of time decays
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Muon Detector Showers

eUniqgue to CMS - treat muon system as a sampling calorimeter.

e| | P decays in the muon system produce high rechit multiplicity clusters.
eSensitive to hadronic and electromagnetic showers.

e\/ery low background due to steel layers.

eSensitive to longer lifetimes —> useful tool for searching for low mass LLPs.
& 33 segments in ME-2/1

pt
Bkg~10 hits/cluster
e Common sources of bkg: .
o Punch through P
o Muon Brem SN PSR I
_ _j E’: .. —| Cluster
o Cosmics = Vin
S —— ] : DBSCAN
°SM LLPs (e.q., KI?) / o
o PileUp " N
MC Summeri16

Sig~100 hits/cluster
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CMS-DP-2022-062

Run 3 New LLP Trlggers
e CSC high-multiplicity trigger (HMT)
o |1: seed to select high mult. Showers in CSCs.

CMS Prellm/nary (136 TeV)
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e New LLP aware triggers in Run 3
o Displaced Jets
o Delayed Jets (ECAL)
o Delayed+Displaced Jets (HCAL)
o CSC HMT
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Displaced & Delayed Jets Triggers
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:— .+.Trackless delayed jet trigger with HT > 430 GeV and jet timing > 1 ns
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CMS-PAS-EXO-21-008

. . N
Search for LLPs decaying in the Muon System = &
f
p L
: S _ % f
* Analysis Strategy T
o Event Selection: High MET (>200GeV) H STf
o Cluster Size (Nnits) main discriminating d f
variable o 138 fb™ (13 TeV)
o Reg. 1-2 clusters in the Barrel or Endcap % - CMS Proiminary oo _
regions. 5 . mosscev
CC) e . anal Region === Data (no RPC match) -
o 5 analysis bins based on HNL type. S Sone,es
' S — dd
e |Interpretation: o By ) )
o Twin nggS E . h"{:':E-!:--:-i:_',.'_i'": .........
» Produce hadronic or EM showers in Muon | | - male .
System 19750 100 150 200 250 300 3502002'53'(\)' 500

hits
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CMS-PAS-EXO-21-008

Search for LLPs decaying in the Muon System

~2X improved limits wrt CSC only result
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e No excess with respect to the standard model.

e Signature is sensitive to a large range of LLP masses.

e First LHC result for LLPs sensitive to sub-GeV mass.
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CMS-PAS-EXO-22-017

Q,&.

Heavy Neutral Leptons M(E)S .

e Events selected via single
lepton trigger

Z For triggering

e HNL (N) can produce hadronic

or EM showers in muon
System. (Long-lived) N

W= (*

h‘

e HNL that decays in the CMS muon system can lead to hadronic shower ‘3‘

o |deal to probe lower mass (<10GeV) / longer lifetime O(1m) parameter space J

e Jargeting low mass HNLs.

Produce

e First CMS result for Tau-HNLs cluster
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CMS-PAS-EXO-22-017

HNL MDS Results

No significant excess observed in all 5
categories.

Set limits on HNL couplings
o Reaches as low as 4.6x10-6

o Most stringent limit between HNL mass
range of
2.1-3.0 (1.6-3.3) GeV for electron

(muon) couplings.

Complimentary to existing CMS
searches

o Extends current sensitivity by ~1.3x to
~2.3x at 2GeV

o Sensitive to all three lepton flavors
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CMS-PAS-EXO-21-013

e Analysis Strategy
o Event Selection: dilepton+jets

o Binned in 48 search regions depending on
HNL scenarios

{resolved,boosted} x {flavour comb.} x {charge comb.} x {displacement}
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o Dedicated displaced jet neural network tagger
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HNL (Displaced jet tagger)

Input features

Charged PF

candidates —>

(up to 25)

Neutral PF

candidates —

(up to 25)

Secondary

vertices —

(up to 4)

PF muon

candidates —

(up to 2)

PF electron

candidates —

(up to 2)

1D convolutions

4 filters |[ 8 filters

8 filters

32 filters| 132 filters| |32 filters| |32 filters |[64 filters

16 filters| |16 filters| |16 filters| |16 filters |[32 filters

16 filters| |16 filters| |16 filters| |16 filters ‘[32 filters

Global features

12 filters

12 filters

Flatten

Parameter L,

Dense
(V)] (V)]
() (O]
© ©
@) O
(= (=
(@) (@)
o ()]
Al Al

Dense
(/p) (7)) (V)]
()] ()] ()]
© © ©
(@) O O
(= - =
(@) (@] o
o (@] o
— Y— —
Dense
©
()]
| —
Q w (7))
> () (O]
()] © O
: O (@)
- - =
Ol 2
5 {9) {9)
(4v]
| -
(@))

-
class

Predict
—» domain

differences

Daniel Diaz 18 July 2023

UC San Diego

Predict jet


https://cds.cern.ch/record/2852843?ln=en

CMS-PAS-EXO-21-013

HNL (Displaced jet tagger)
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Summary

e Presented latest LLP search results from CMS
o 2 searches released In just the past week

o Searches employ unigue techniques to overcome data challenges
m MDS search strategy
= ML displaced jet tagger

o Rich program coming soon from Run 3
= New LLP-specific HLT paths!!
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CMS-PAS-EXO-21-008

Search for LLPs decaying in the Muon System

1 CMS Preliminary 138 fb' (13 TeV)
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e No excess with respect to the standard model.

e (Can also interpret results in term of h->PsiPsi
o Psi - Dark Matter candidate
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